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Zearalenone (ZEN) is a non-steroidal estrogenic mycotoxin produced by several species of Fusarium that
are found in cereals and agricultural products. ZEN has been implicated in mycotoxicosis in farm animals
and in humans. The toxic effects of ZEN are well known, but the ability of an alkaline Comet assay to
assess ZEN-induced oxidative DNA damage in Chang liver cells has not been established. The first aim of
this study was to evaluate the Comet assay for the determination of cytotoxicity and extent of DNA dam-
age induced by ZEN toxin, and the second aim was to investigate the ability of N-acetylcysteine amide
(NACA) to protect cells from ZEN-induced toxicity. In the Comet assay, DNA damage was assessed by
quantifying the tail extent moment (TEM; arbitrary unit) and tail length (TL; arbitrary unit), which are
used as indicators of DNA strand breaks in SCGE. The cytotoxic effects of ZEN in Chang liver cells were
mediated by inhibition of cell proliferation and induction of oxidative DNA damage. Increasing the con-
centration of ZEN increased the extent of DNA damage. The extent of DNA migration, and percentage of
cells with tails were significantly increased in a concentration-dependent manner following treatment with
ZEN toxin (p < 0.05). Treatment with a low concentration of ZEN toxin (25 µM) induced a relatively low
level of DNA damage, compared to treatment of cells with a high concentration of ZEN toxin (250 µM).
Oxidative DNA damage appeared to be a key determinant of ZEN-induced toxicity in Chang liver cells.
Significant reductions in cytolethality and oxidative DNA damage were observed when cells were pre-
treated with NACA prior to exposure to any concentration of ZEN. Our data suggest that ZEN induces
DNA damage in Chang liver cells, and that the antioxidant activity of NACA may contribute to the reduc-
tion of ZEN-induced DNA damage and cytotoxicity via elimination of oxidative stress.
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INTRODUCTION

Zearalenone (ZEN) is a fusarotoxin produced mainly by
Furarium graninearum and Fusarium culmorum, which is

frequently found in maize and small grains such as barley,
wheat, sorghum, millet and rice, as well as in soybeans (1).
ZEN is one of the most widely distributed fusarial myc-
otoxins which are encountered at a high incidence in many
important crops intended for human and animal consump-
tions (2,3). While much attention has been given to the
study of aflatoxins and ochratoxins produced by Aspergil-
lus and Penicillium, but much less concern has been paid to
fusarial toxins. It is known that ZEN is of relatively low
toxicity (4). ZEN is mainly metabolized in the liver (5),
which seems to be a main target. Thus, ZEN was found to
be hepatotoxic and to induce liver lesions (6-8). Recently,
several studies have been conducted and have shown that
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ZEN is cytotoxic; it inhibits cell proliferation and macro-
molecules synthesis in different cell lines (9,10) and exhib-
its a geneotoxic potential in vitro and in vivo through
induction of micronuclei, chromosome aberrations, DNA
fragmentation, cell cycle arrest, etc. (9,11-16).

A number of techniques for detecting DNA damage have
been used to identify substance with genotoxic activity.
Until recently, the most frequently used methods involve
either the detection of DAN repair synthesis (so-called
unscheduled DAN synthesis or UDS) in individual cells, or
the detection of DNA SSB and ALS in pooled cell popula-
tions using the alkaline elution assay. The UDS technique is
based on the replication of DNA during the excision repair
of certain type of DNA lesions, as demonstrated by the
incorporation of titrated thymidine into the DNA repair
sites. While providing information at the level of the indi-
vidual cell, the technique is technically cumbersome, requires
the use of radioactivity, and is limited in sensitivity. The
alkaline elution assay ignores the critical importance of
intercellular differences in DNA damage and requires rela-
tively large numbers of cells. A more useful approach for
assessing DNA damage is the single-cell gel (SCG) or
Comet assay. The terms “SCG” or Comet” are used inter-
changeable; the term “Comet” is used to identify the indi-
vidual cell DNA migration patterns produced by this assay
(17). It was first developed by Östling & Johansson in 1984
and later modified by Singh et al. in 1988. It has since
increased in popularity as a standard technique for evaluat-
ing DNA damage/repair, biomonitoring and genotoxicity
testing. It involves the encapsulation of cells in a low-melt-
ing-point agarose suspension, lysis of the cells in neutral or
alkaline (pH > 13) conditions, and electrophoresis of the
suspended cell lysates. In this technique, cells embedded in
agarose were placed on a microscope-slide, the cells were
lysed by detergents and high salt, and the liberated DNA
was electrophoresed under neutral conditions. Cells with
increased frequently of DNA double-strand breaks (DSB)
displayed increased migration of DNA toward the anode.
The DNA migration was quantified by staining with DAPI
or ethidium bromide and by measuring the intensity of fluo-
rescence at two fixed positions within the migration pattern
using a microscope photometer. The neutral conditions greatly
limited the general utility of the assay. Subsequently, Singh
et al. (18) introduced a microgel technique involving elec-
trophoresis under alkaline (pH > 13) conditions for detect-
ing DNA damage in single cells. At this pH, increased DNA
migration is associated with incomplete excision repair sites,
and ALS. The alkaline Comet assay is also widely accepted
xeno-biotics-testing method for novel pharmaceuticals or
other chemicals, and is a simple and sensitive procedure for
detecting DNA strand breaks that requires a small numbers
of cells and a short time to complete the study (19-21).
Compared with other toxicity assays, the advantage of this
technique include: (1) its demonstrated sensitivity for detect-

ing low levels of DNA damage; (2) the requirement for
small numbers of cells per sample; (3) flexibility; (4) low
costs; (5) ease of application; (6) the ability to conduct stud-
ies using relatively small amounts of a test substance; and
(7) the relatively short time period needed to complete an
experiment. Both methods to assess DNA damage induced
in vitro or in vivo were readily adapted to virtually any cell
population feasible of being obtained as a single cell sus-
pension, including lymphocytes isolated either from the
spleen or peripheral blood (19, 22-24). These test methods
also have been used in screening for cancer-inducing com-
pounds in the environment (24).

The thiol group plays an important role in biological sys-
tem. Thiol oxidation can result in protein structure alteration
leading to protein dysfunction. The thiol group appearing in a
variety of proteins or non-proteins, e.g. glutathione (GSH),
undergoes reversible thiol-disulfide interactions to mediate
the oxidant-induce stress (25). The use of biothiols, such as
GSH, N-acetyl-cysteine (NAC), homocysteine, cysteine
(CYS), and γ-glutamyl cysteine, to mitigate acute oxidative
stress induced by anticancer drugs has long been proposed,
though their efficacies have not been fully evaluated. NAC
did not provide significant antioxidant effects, presumably
due to its low lipid solubility that limits its bioavailability
(26). The carboxyl group in NAC is negatively charged at
physiological pH, limiting its ability to cross cell mem-
branes. Recently, N-acetylcysteine amide (NACA), a struc-
tural analogue of NAC, was synthesized and evaluated in a
certain in vitro and in vivo models. Replacing the carboxyl
group with an amide increase lipophilicity, allowing it to
cross cell membranes. Two studies have shown that NACA
could cross the blood-brain barrier, chelate Cu2+ (which cat-
alyzes free radical formation), scavenge free-radicals, pro-
tect red blood cells from oxidative stress, and prevent ROS-
induced activation of c-Jun N-terminal protein kinase (JNK),
mitogen-activated protein kinase MAPK (p38), and matrix
metalloproteinases (27-29). The ability of NACA to protect
Chang liver cells from ZEN-induced toxicity (DNA damage)
has not been investigated. To our knowledge, there have
been no comprehensive studies of the preventive effects of
NACA on DNA damage by ZEN-induced cytotoxicity in
Chang liver cells. Therefore, we hypothesized that NACA
would protect Chang liver cells by reducing cytotoxicity
and DNA damage by ZEN toxicity. Accordingly, we deter-
mined the ability of NACA to mitigate the cytotoxicity of
ZEN in Chang liver cells and correlated these effects with
the attenuation of ZEN-induced DNA damage. The present
study focuses on the preventive effects of NACA on induc-
tion of DNA damage and cytotoxicity by ZEN-induced toxicity.

MATERIALS AND METHODS

Chemicals and regents. ZEN was obtained from Sigma
Chemical Co. (St Louis, MO, USA). RPMI-1640 medium,
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fetal calf serum (FCS), phosphate buffer saline (PBS), trypsine-
EDTA, penicillin and streptomycin mixture, 3-4,5-dimeth-
ylthiazol-2-yl, 2,5-diphenyl-tetrazolium bromide (MTT), were
obtained from Sigma-Aldrich, USA. All chemicals used here
were of analytical grade.

Cell culture and treatment. The Chang liver cell line
(CCL 13) was obtained from the American Type Culture
Collection (ATCC). The cells were cultured at 37oC in a 5%
CO2-95% air humidified atmosphere. The culture medium
was Dulbecco’s Modified Eagle’s Medium (DMEM, Sigma)
supplemented with 10% fetal calf serum, penicillin (100 IU/
ml), streptomycin (100 mg/L) and nystatin (8.2 mg/L). For
testing, the cells were seeded on 96-well microtiter plates,
5000 or 10,000 cells in 100 µl per well (MTT-test).

Determination of cell viability. Cytotoxicity of ZEN
was determined using the colorimetric method described by
Carmichael et al. (30). This method assesses the ability of
viable cells to form 3-4, 5-dimethylthiazol-2-yl, 2,5-diphe-
nyl-tetrazolium bromide (MTT) formazan by the mitochon-
drial enzyme succinate dehydrogenase.

Cells were seeded on 96 well culture plates (Poly-labo,
USA) at 105 cells/well and treated with increasing concen-
trations of ZEN, 1~200 µM for 24 at 37oC. At the end of
the reaction time, the culture medium was replaced with
200 µl medium containing 0.5 mg/ml MTT and the plates
were incubated for 3 h at 37oC. The medium was then
removed and replaced with 100 µl of DMSO to dissolve the
converted purple dye in culture plates. The absorbance was
measured on a spectrophotometer microplater reader
(Dynatech 4000) at a wavelength of 560 nm. Cell viability
was expressed as the relative formazan formation in treated
samples as compared to control cells [(A560 treated cells/
A560 control cells) 100%]. IC50 values defined as the con-
centration including 50% loss of cell viability, was esti-
mated from the figure.

Single cell gel electrophoresis (SCGE, the Comet
assay). DNA breaks were detected using in adaptation of
the method of Singh et al. (18). Briefly, Chang liver cells
(2 × 105 cells/well) were cultured in 6-well multi-dishes
(Polylabo, USA) and were treated with vehicle alone or var-
ious concentrations of ZEN ranging from 25 to 200 µM for
24 hr. These concentrations were chosen from the range of
non-cytotoxic concentrations as assessed by the MTT assay.
A positive control was included where Chang live cells
were treated with 20 µM H2O2 for 5 min on ice. The adher-
ent cells were then trypsinized, centrifuged, counted and
mixed with 1% (w/v) low-melting-point agarose in PBS,
pH 7.4 at 37oC and immediately pipetted onto a frosted
glass microscope slide pre-coated with a layer of 1% (w/v)
normal melting point agarose similarly prepared in PBS,
The agarose was allowed to set at 4oC for 5~10 min and the

slide immersed in lysis solution (2.5 M NaCl, 100 mM Na2-
EDTA, 10 mM Tris, NaOH to pH 10.0 and 1% (v/v) Triton
X-100) at 4oC for 1 hr to remove cellular proteins and mem-
branes. They were then washed three times with enzyme
buffer (0.1 M KCl, 0.5 mM Na-EDTA, 40 mM Hepes-
KOH, 0.2 mg/ml BSA, pH 8.0) and incubated for 45 min
glycosylase (FPG), or with buffer alone. Slides were then
placed in horizontal electrophoresis tank containing 0.3 M
NaOH and 1 mM Na2-EDTA for 40 min before electro-
phoresis at 25 V for 30 min at an ambient temperature of
4oC. The slides were then washed three times for 5 min
each with 0.4 M Tris-HCl, pH 7.5 before staining with
20 µl ethidium bromide (20 µg/ml). The experiment was
performed three times separately.

Quantification of the Comet assay. The stained slides
were viewed under fluorescent microscope (Olympus Opti-
cal, Tokyo, Japan) at × 250 magnification with a green exci-
tation filter. The images were transferred through a CCD
video camera to a computer and analyzed by software,
Kinetic imaging Komet Assay 5.5 image analysis system
(Kinetic Imaging, Livepool, UK) to evaluate the degree of
DNA migration. The tail length and the tail moment were
used as the measures of the extent of DNA damage. Two
hundred cells were randomly selected and measured (two
slides made for one sample, 100 randomly-selected cells
per slide) from one sample. Statistical calculations were
performed by using the Excel 5.0 program (Microsoft, Red-
mond, USA), that produced the values of the mean tail
length for sample and the values of percentage cells in five
ranges of tail length, i.e., as undamaged cells without tail,
cells with tiny tail, cells with a dim tail, cells with a clear
tail, and only tail. The ranges of tail length and moment
were divided arbitrarily in this study.

Evaluation of DNA.
TEM : TL X TD/100
TL: Tail extent (Tail from center ) + Head extent /2
TD : (Head optical intensity/Head optical intensity

+ Tail optical intensity) × 100
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Thiobarbituric acid reactive substance (TBARS) and
glutathione (GSH) content analysis. The TBARS and
GSH levels were determined according to the correspond-
ing assay kit protocol, (BioVision-Milpitas, CA, USA).

Statistical analysis. Each experiment was done three
times separately. Values are presented as means ± S.D. Sta-
tistical differences between control and treated groups for
the expression of Hsp70 or 90 were determined by χ2-test.
Difference were considered significant at p < 0.05.

RESULTS

Inhibition of cell proliferation of ZEN on Chang liver
cells. The cytotoxic effect of ZEN on Chang liver cells
after 24 hr incubation as measured by MTT assay is shown
in Fig. 1. ZEN caused a marked decrease of cell viability in
a dose-dependent manner. After 24 hr exposure to concen-
trations ranging from 0 µM to 200 µM, the number of via-
ble cells falls to 54% and to 60.3% at 150 µM and 200 µM,
respectively. The inhibition of cell proliferation was most
pronounced at 200 µM concentration suggesting the dose
dependency of the inhibition of cell proliferation. The IC50

values were approximately 150 µM after 24 hr of treatment.

Cytoprotection by NACA. The cytoprotective effect of
NACA was determined after exposure of cells pre-treated

Fig. 1. Cytotoxic effects of ZEN on Chang liver cells. Cells were
treated with ZEN at the indicated concentrations for 24 h. Cell
viability was determined using MTT assay and expressed as per-
centages of control, which was exposed to vehicle only. Control
value was taken as 100%. Data are expressed as mean ± S.D of
three independent experiment (n = 3). *Significantly different at
p < 0.05, ** p < 0.01.

Fig. 3. Cytoprotective effect of NACA against ZEN at 25, 50,
100 and 150 µM on Chang liver cells. Cells were pre-treated for
2 hr by NACA (10 mM). Values are mean ± SD from six indepen-
dent experiments. Significance indicated by * p < 0.05, ** p < 0.01.
treat vs control group.

Fig. 2. Cytoprotective effect of NACA against ZEN 100 and
150 µM cytolethality on Chang liver cell. Cell viability was deter-
mined using the MTT assay in cells that were pre-treated for
2 hr by NACA or not before ZEN treatment. Data are expressed
as the mean ± S.D. *Significantly different at p < 0.01.

2 hr by the NACA to 100 and 150 µM ZEN. As shown in
Fig. 2, 3, and 4, NACA efficiently increases cell viability in
a dose-dependent manner. But no significant increase in cell
viability was observed under concentrations of 5 mM NACA
in the presence of 100 and 150 µM ZEN. 10 mM of NACA
had maximal protective effect (43.3%) on cytotoxicity com-
pared to 150 µM concentration of ZEN (p < 0.01, n = 4)
and over a period of 24 hr exposure. Cell viability at all
concentration showed significant (p < 0.01, n = 4) decrease
about 32~48% from 1~10 mM of NACA compare to con-
trol group, respectively, presence of 150 µM ZEN. From
above result obtained, 10 mM is optimal concentration for
cytoprotective effect of NACA against ZEN 100 and 150 µM
cytolethality on Chang liver cell. To check cells viability,
cells pretreated with 10 mM NACA for 2 hr prior ZEN
treatment at the designated concentrations for 24 hr at 37oC.
The effect of NACA on cell viability and morphology were
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Fig. 5. Representative images of ZEN toxin induced oxidative DNA damage in Chang liver cells. Typical Comet are shown in group
non-treated (upper left) and positive control (upper right) and treated with 150µM ZEN (bottom left) and treated with ZEN 150µM
plus NACA 10 mM (bottom right).

Fig. 4. Microscopic study of cellular morphology of Chang liver cell viability. The cells were treated in the absence (A) or presence of
ZEN 100µM (B), ZEN 150µM (C), NACA alone (10 mM) (D), ZEN 100µM plus NACA 10 mM (E), ZEN 150 µM plus NACA 10 mM (F) and
cultured for 48 hr.
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determined by the MTT assay and convert microscopy,
respectively. Significant increase of cell viability (about
200%) was observed in 10 mM NACA alone treatment.
Increase of ZEN concentrations from 25 to 100 µM for
24 hr, cell viability was increased, but even at the high dose
of 150 µM, decrease of cell viability was observed over
24 hr of incubation (Fig. 3). In morphological examination,
treatment groups of NACA 10 mM in ZEN 100 and
150 µM (E and F) showed proliferation of cell viability and
clearly exhibited marked cell membranes compared with
ZEN alone treat groups (B and C). The NACA alone treat
group (D) showed high cell viability and clear cell membrane
than control (A) and ZEN alone treat groups (B, C) (Fig. 4).

DNA damage assay and its preventive effect of NACA
against ZEN-induced oxidative stress. DNA damage
was analyzed by the Comet assay, a sensitivity method for
detecting DNA strand breaks in individual cells and a versa-
tile tool that is highly efficacious in human bio-monitoring
of nature or environmental compounds (18). The high sen-

Table 1. ZEN-induced DNA damage and the preventive effect of NACA in Chang liver cells (Means ± SD)

Compounds Scored cells Tail moment (TM) Tail length (TL)

Control 100 00.32 ± 0.14a 06.52 ± 2.48a

H2O2 (20 µM/ml) 100 18.24 ± 3.21d 48.17 ± 5.23d

ZEN

025 µM 100 01.87 ± 0.74a 07.51 ± 3.47a

050 µM 100 07.43 ± 0.35b 12.72 ± 3.61b

100 µM 100 14.51 ± 2.15c 27.11 ± 4.14c

150 µM 100 17.36 ± 3.64d 41.54 ± 4.28d

200 µM 100 19.01 ± 4.21d 50.25 ± 5.41d

ZEN (25 µM) + NACA (10 mM) 100 01.57 ± 0.11a 06.72 ± 1.24a

ZEN (50 µM) + NACA (10 mM) 100 04.62 ± 0.25b 08.21 ± 2.65b

ZEN (100 µM) + NACA (10 mM) 100 07.52 ± 2.41b 13.82 ± 3.71c

ZEN (150 µM) + NACA (10 mM) 100 08.38 ± 3.78b 17.24 ± 3.61c

ZEN (200 µM) + NACA (10 mM) 100 10.03 ± 3.06c 26.34 ± 4.01d

abcd Values with different superscript within the same column are significantly different (p < 0.01).

Table 2. Effects of ZEN and prevention of NACA on the percentage of head DNA and tail DNA in Chang liver cells

Compounds Scored cells Head DNA (%) Tail DNA (%)

Control 100 87.76 ± 3.26a 12.24 ± 1.15a

H2O2 (20 µM/ml) 100 34.85 ± 2.43d 65.15 ± 4.32d

ZEN

025 µM 100 80.57 ± 4.28a 19.43 ± 2.21a

050 µM 100 61.64 ± 4.26b 38.36 ± 3.47b

100 µM 100 49.76 ± 2.36c 50.24 ± 3.46c

150 µM 100 37.57 ± 3.25d 62.43 ± 3.14d

200 µM 100 30.66 ± 2.58d 69.34 ± 3.27d

ZEN (25 µM) + NACA (10 mM) 100 83.79 ± 4.02a 16.21 ± 1.83a

ZEN (50 µM) + NACA (10 mM) 100 70.59 ± 3.51b 29.41 ± 2.1b0
ZEN (100 µM) + NACA (10 mM) 100 59.76 ± 4.24b 40.24 ± 2.45b

ZEN (150 µM) + NACA (10 mM) 100 49.69 ± 3.23c d50.31 ± 3.27cd

ZEN (200 µM) + NACA (10 mM) 100 41.79 ± 2.86d 58.21 ± 4.28d

 abcd Values with different superscript within the same column are significantly different (p < 0.01).

sitivity of the Comet assay, and the provided ability to mea-
sure DNA damage in individual cells, has destined it to
become a tool for rapidly predicting xenobiotics toxicity of
compounds of interest. For the evaluation of preventive
effect of NACA, migration of Head DNA, Tail DNA, tail
moment, and tail length levels as marked of DNA damage
in the ZEN treated cell samples were compared with control
and NACA treat groups by counting 100 Comet images (cells)
per sample. The ranges of tail length, tail moment, head
DNA, and tail DNA was divided arbitrarily in this study.

The ZEN treated groups produced concentration-depen-
dent increases in DNA damage in Chang liver cells. DNA
damage caused by ZEN increased markedly compared to
control and NACA addition groups, as evident from an
increase in the tail length and moment. A similar pattern
was observed for head DNA and tail DNA (arbitrary units
Fig. 4, Table 1 and Table 2). However, no significant DNA
damage was observed in the Chang liver cell treated with
the lowest dose of ZEN, i.e., 25 µM which was evident
from the tail length and moment values (arbitrary units
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Table 1 and Table 2). The trends of DNA damage in five
concentrations were different from each other and were
decreased to nearly normal levels by adding NACA (Fig. 4
and Fig. 5, Table 1 and Table 2). Comet tail length, tail
moment, head DNA and tail DNA mean the DNA damage
levels for each DNA (cell). The mean tail length of the
Comet reflected approximately the increasing patterns of
DNA damage. A significantly (p < 0.01) increase in tail
length was produced in the concentration range of 50~
200 µM ZEN. Tail length and moment in ZEN at 150~
200 µM exhibited statistically significance (p < 0.01) (Table
1 and Table 2).

Analysis of TBARS and GSH levels. The level of TBARS
is a marker of lipid peroxidation, and GSH is the most rele-

vant antioxidant agent in the cell. The TBARS levels were
significantly increased by ZEN treatment when compared
to the control, but this effect was decreased with 10 mM
NACA treatment. ZEN treatment at concentrations ranging
from 25 to 200 µM significantly decreased GSH levels when
compared to the control. Treatment with 200 µM ZEN
decreased GSH levels to approximately 71.1% of the con-
trol level (Table 3).

DISCUSSION

Zearalenone (ZEN) is a fusariotoxin occurring world-
wide in cereals, animal food and forages (31) that adversely
affects reproduction (32,33). Thus, ZEN was first known to
be a potent disrupter of the reproductive system. It is also
associated with several human diseases of unknown etiol-
ogy (32). In humans, several observations have associated
ZEN to precocious pubertal changes (34) and to endome-
trial adenocarcinoma and hyperplasia (35), hepatocarci-
noma (6,8). The Chang liver cell line which derivate from
normal human liver cell line was chosen as a model since it
is reported to retain hepatic metabolis ability of a large
number of toxins (36,37). The aim of this study was to
demonstrate the ability of ZEN, adversely effects on Chang
liver cell line and whether oxidative DNA damage could be
involved in the toxicity of ZEN. In this content, cell viabil-
ity after ZEN treatment of Chang liver cell was assessed by
MTT assay and the oxidative DNA damage was deter-
mined with alkaline single cell gel electrophoresis (SCGE,
Comet assay). Although the Comet assay is one of the stan-
dard methods for assessing DNA damage including single-
and double-strand DNA breaks and alkali-labile sites (18),
the introduction of lesion-specific endonuclease allows
detection of oxidized bases and specific measure of oxida-
tive DNA damage.

Our results clearly show that ZEN is cytotoxic on Chang
liver cells by diminishing cell proliferation as provided by
the MTT assay (IC50 150 µM). This cytolethality was dose-
dependent (Fig. 1). This finding agree with other studies
(10), Vero cells (9,38-40), DOK cells (38), Caco-2 cells
(38), bovine lymphocytes (41). This inhibition of cells via-
bility was recovered by addition of NACA and increases
cell viability in a dose-dependent manner. But no signifi-
cant increase in cell viability was observed under concen-
trations of 5 mM NACA in the presence of 100 and 150 µM
ZEN. 10 mM of NACA had maximal protective effect
(43.3%) on cytotoxicity compared to 150 µM concentra-
tion of ZEN (p < 0.01, n = 4) in 100 µM and over a period
of 24 hr exposure. Recently, many other papers reported the
protective effect using various extract from natural prod-
ucts such as a cactus (Opuntia ficus-indica) cladodes
(42,43), Raphanus sativus (15), adsorbents (13,14) and vita-
min E (12,38,39) on ZEN-induce cytotoxicity. Because def-
initions of the contents of the extracts and the dosage used

Fig. 6. Inhibitory effect of NACA on DNA damage induced by
ZEN in Chang liver cells. *; p < 0.05 vs control, **; p < 0.01 vs
control.

Table 3. The effects of ZEN treatment alone or in combination
with NACA on TBARS and GSH levels in Chang liver cells

Treatment
TBARS

(nM/mg protein)
GSH (µM)

Control 1.25 ± 0.12a 41.19 ± 1.14bd

ZEN

025 µM 3.15 ± 0.46b 36.54 ± 0.19ad

050 µM 4.08 ± 0.45b 21.48 ± 2.24cd

100 µM 5.21 ± 0.52c 15.37 ± 0.36cd

150 µM 5.62 ± 0.62c 13.64 ± 0.28cd

200 µM 7.37 ± 0.24d 11.89 ± 1.75cd

NACA 10 mM 1.37 ± 0.29a 45.24 ± 1.34ad

ZEN + NACA

025 µM + 10 mM 2.03 ± 0.34b 40.16 ± 1.36bd

050 µM + 10 mM 2.18 ± 0.16b 36.49 ± 0.37bd

100 µM + 10 mM 2.09 ± 0.62b 38.32 ± 0.21cd

150 µM + 10 mM 4.26 ± 0.36c 32.58 ± 1.32dd

200 µM + 10 mM 5.18 ± 0.47d 30.75 ± 1.54dd

abcd Mean ± SD with different superscripts in the same row are sig-
nificantly different (p < 0.01).
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may vary from paper to paper, the results reported herein
might not be directly comparable with those in other pub-
lished papers. However, our results seem consistent with
those of others (9,12-14,39). In agreement with these find-
ings, we suggest that the observed effects may be due to the
major antioxidant ingredient and adsorbent property of
samples used in each experiment and antioxidant activity of
NACA in this current study (Fig. 3). These facts were sup-
ported by our results of GSH and TBARS levels (Table 3)
and Shi et al (29) study that NACA, although cell and
induced cytotoxic agent used in their experiment are differ-
ent, exhibited potential antioxidant activity decreasing oxida-
tive stress and decrease cell death induced by doxorubicin
in H9c2 cardiomyocytes. Our results clearly demonstrate
the protective effect of NACA which efficiently protect
Chang liver cell from DNA damage of ZEN. The protec-
tion afforded by NACA against ZEN-induced DNA dam-
age is likely due to its ability to inhibit oxidative process
induced by the mycotoxin ZEN. In fact, recently it has been
demonstrated that ZEN induces oxidative damage both in
vitro and in vivo including lipid peroxidation and oxidative
DNA damage and a similar phenomenon of NACA activity
protection by NACA was observed in a study on doxorubi-
cin-induced oxidative DNA damage toxicity (29,35). There-
fore, the oxidative DNA damage is suggested as a key
determinant of ZEN induced toxicity (40,42). Protective
effects of NACA against ZEN-induced DNA damage and
cytotoxicity may be though associated to the presence of
thiol group in NACA, which plays an important role in bio-
logical system mitigating the oxidative-induced DNA dam-
age induced by anticancer drugs (25). We compared the
prevention of ZEN toxicity (DNA damage) obtained by
NACA to the prevention exerted by vitamin E (12,38) and
by a variety of clay (HSCAS) (14) described as a com-
pound able to adsorption and to sequester ZEN leading to
the reduction of toxin bioavailability (44). As compared with
other papers, NACA (43.3%) appears more efficient than
them (vitamin: 36% and clay: 20.6%). The prevention poten-
tial of NACA is probably in relation, not only, with its high
lipid solubility that could cross the blood-brain barrier, che-
late Cu2+ (which catalyzes free radical formation), scavenge
free-radicals and to neutralize toxic process induced by
ZEN, but also with the inhibition of oxidative DNA dam-
age effect. The observed effect of NACA on the cytoprotec-
tive effect and DNA damage protection of ZEN treated
Chang liver cells is unlikely due to the activity of estrogen
receptor, but rather through NACA activity as antioxidant
component, Because ZEN binding affinity to cytosolic
estrogen receptors is only about 5% of that of 17β-estradiol
and the estrogenic potency is about 0.1% (45). Therefore, it
is unlikely that ZEN toxicity (DNA damage) is due to its
estrogenic activity solely suggesting other mechanism of
ZEN toxicity may be involved such as antioxidant protec-
tive system from ZEN induce cytotoxicity.

In conclusion, our experiments using Chang liver cells
exhibited that ZEN is cytotoxic by inhibiting cell prolifera-
tion and inducing oxidative DNA damage at low concentra-
tions. ZEN dependant oxidative DNA damage preceded the
loss of cell viability indicating that the oxidative DNA dam-
age may contribute to ZEN induced cytotoxicity. These
results were ameliorated by pre-incubation of NACA (10
mM) before the exposure to ZEN. Although, the mecha-
nism of the protective effect of the NACA against ZEN-
induced cytotoxicity was not fully elucidated, we expect
that the results will be useful information for the use of
cytoprotective test from ZEN-induce toxicoty.
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